Introduction
Diaper dermatitis, also known as nappy (diaper) rash, is a highly prevalent condition in infancy, although the reported prevalence varies greatly between different studies. For example, Jordan et al. 1 reported that half of children of age 1 -20 months had nappy rash. One large UK population study showed that 25% of children had experienced nappy rash during the first 4 weeks of life 2 and another study reported that 52% of children, ranging from preterm infants to children > 24 months of age, had experienced an episode. 3 Although rarely serious enough to have life-threatening effects, diaper dermatitis causes discomfort for children, anxiety and stress for parents, and can be challenging for healthcare providers.
Diaper dermatitis is the result of progressive barrier compromise and is characterized by dryness/scaling, aberrant desquamation and erythema. 4 When the stratum corneum is exposed to prolonged wetness in an occlusive nappy environment it is predisposed to mechanical injury and penetration by irritants and microbes. 5 The pH of nappied skin is higher than nonnappied skin in newborns and older infants. 6 
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Increased skin pH, caused by the production of ammonia from urinary urea by faecal bacteria, promotes skin susceptibility to mechanical damage and to the activity of faecal enzymes such as proteases and lipases. 7 Faecal enzymes increase the hydration and permeability of the skin to low molecular weight irritants, and are also important skin irritants themselves. 8 Diet may be another contributory factor to diaper dermatitis because faecal enzymes, pH and faecal microbiota are affected by food intake. 9 The highest reported prevalence of diaper dermatitis is in the 9 -12-month age group 1 and is believed to be due to an increase in the consumption of solid foods at this age. 10 The combination of these factors leads to breakdown of the stratum corneum and predisposes the skin to opportunistic infection by faecal microbes, such as Candida albicans and Staphylococcus aureus, thus causing diaper dermatitis. 11, 12 There are few studies in the published literature relating to risk factors associated with diaper dermatitis in children. Jordan et al. 1 reported that the prevalence of diaper dermatitis was associated with infant maturity, infant formula feeding, and the presence and level of faecal C. albicans. Another study reported that diaper dermatitis was higher in babies who were seen by their doctor for reasons other than nappy rash and in those who were fed cereals in the first 4 weeks of life; disposable nappies gave little protection. 2 Recurrent diaper dermatitis has also been shown to be associated with increasing infant age, lack of barrier cream use, current diaper dermatitis and frequency of nappy changes, whereas current diaper dermatitis has been shown to be associated with oral thrush (candidiasis), number of previous episodes of diaper dermatitis, frequency of nappy changes and diarrhoea. 3 There is little published information on the prevalence and risk factors associated with diaper dermatitis in Chinese children. Different ethnic groups might have their own specific risk factors for diaper dermatitis due to differences in skin sensitivities, which could result in varying prevalence rates. The aims of the present study were to investigate the prevalence of diaper dermatitis in Chinese children aged 1 -24 months, and to elucidate the risk factors associated with the development of diaper dermatitis in these children.
Patients and methods

STUDY POPULATION
This cross-sectional study was undertaken in five Chinese cities: Beijing and Changzhi (Shanxi Province, North China); Huanggang (Hubei Province, central China); Suzhou (Jiangsu Province, East China); Nanning (Guangxi Province, southern China). Children, attending as outpatieints between September 2010 and January 2011, were recruited from five maternity and child health hospitals in five cities (Capital Institute of Paediatrics, Beijing; Changzhi Maternity and Child Health Hospital, Changzhi; Huanggang Maternity and Child Health Hospital, Huanggang; Suzhou Maternity and Child Health Hospital, Suzhou; Nanning Maternity and Child Health Hospital, Nanning). Eligibility was defined as being aged 1 -24 months, wearing diapers and being resident in the study area. The selection criteria specifically excluded children that had at least one of the following: (i) low birth weight (< 2500 g); (ii) gestational age at birth < 37 weeks; (iii) congenital malformation; (iv) hospitalization during investigation; (v) severe skin disease; (vi) long-term medication use.
The study was approved by the Human Ethical Committee of the Capital Institute of CH Li, ZH Zhu, YH Dai Diaper dermatitis: a survey of risk factors for children Paediatrics, Beijing, China (No. 2010009 ). Written informed consent was obtained from the participants' parents or guardians before entry of the children to the study.
DATA COLLECTION
Parents of the infants included in the study underwent a face-to-face interview with a trained child health worker (C.H.L., Z.H.Z) using a pretested structured questionnaire, developed at the Capital Institute of Paediatrics and based on Chinese child home care and parenting habits. The questionnaire collected information on 15 variables that are known, or suspected, to be associated with diaper dermatitis: gender, age, maternal education level, home setting (rural and urban), breastfeeding, introduction of solid foods (cereals, noodles, beans and bean products, fruit, vegetables, fish, meat, eggs), breastfeeding at night, general state of health, diarrhoea, type of nappy, frequency of nappy changing, bowel frequency, skin cleansing agents, barrier cream use and frequency of bathing/showering. Diaper dermatitis was defined as a rash in the area in which the nappy is worn, caused by wearing nappies. In the questionnaire, parents were asked of their children, 'Has he/she had a diaper rash in the last 6 weeks?' with response options of 'yes' or 'no'. Those who answered 'yes' were defined as a case of diaper dermatitis. The reliability of the questionnaire was assessed in terms of Cronbach's coefficient of reliability, which was 0.79. For accuracy of data collection, inter-and intrarater reliabilities were calculated to be 95% and so met the Cronbach's α coefficient of reliability requirements for 'excellent' reliability.
STATISTICAL ANALYSES
All statistical analyses were performed using the SPSS ® statistical package, version 14.0 (SPSS Inc., Chicago, IL, USA) for Windows ® .
Prevalence of diaper dermatitis was calculated by simple statistical analysis, including all cases who answered the question about diaper dermatitis. The χ 2 -test was used to compare differences between groups. A two-step process was used to assess which of the proposed 15 factors that are known, or suspected, to be associated with diaper dermatitis were significantly associated with its occurrence in these children. Univariate logistic regression analysis was performed to test the association between the 15 proposed factors and diaper dermatitis. Multivariate logistic regression analysis (with a forward elimination model) was then used to examine the independent association of the various factors with diaper dermatitis, while simultaneously controlling for potential confounders. A P-value < 0.05 was considered to be statistically significant.
Results
A total of 1036 children were recruited to the study: 604 (58.3%) boys and 432 (41.7%) girls. The study showed that 43.8% (454/1036) of the children had experienced diaper dermatitis in the previous 6 weeks. Prevalence of diaper dermatitis increased with increasing infant age across different age groups (1 -6, 7 -12, 13 -18 and 19 -24 months; Fig. 1 ) and was significantly lower in children aged 1 -6 months compared with the other three age groups (P < 0.05). There were no significant differences between the other three age groups or between boys and girls (boys 43 Four of the eight factors that were statistically significantly associated with diaper dermatitis on univariate analysis were also statistically significant on multivariate logistic regression, namely home setting (urban), solid foods (eggs), diarrhoea and frequency of nappy changing (P < 0.05 for all comparisons; Table 2 ).
Of the 1036 children recruited to the present study, 640 were resident in rural areas and 396 in urban areas. Home setting was significantly associated with the prevalence of diaper dermatitis: children living in urban areas had a significantly lower prevalence of diaper dermatitis than those living in rural areas (P < 0.05). Solid foods were consumed by 92.2% (955/1036) of the children. Multivariate logistic regression analyses showed a significant inverse association between the consumption of eggs and diaper dermatitis (P < 0.05). Frequency of nappy changing was also significantly associated with diaper dermatitis; the prevalence of diaper dermatitis was significantly lower when the frequency of nappy changing was ≥ 6 times/day compared with changing < 6 times/day (P < 0.05). The occurrence of diarrhoea significantly increased the prevalence of diaper dermatitis (P < 0.05).
Discussion
To our knowledge, this is the first report on the prevalence of diaper dermatitis in Chinese children. A large proportion of children included in this study had experienced diaper dermatitis in the 6 weeks prior to enrolment. The prevalence of diaper dermatitis increased with age, with the highest frequency observed in children aged 19 -24 months. Multivariate analysis, however, failed to demonstrate a significant association between age and diaper FIGURE 1: Prevalence of diaper dermatitis in the 6 weeks prior to study enrolment in Chinese children aged 1 -24 months of age, stratified according to age group (*P < 0.05 for age 1 -6 months versus the other three age groups; χ 2 -test) CH Li, ZH Zhu, YH Dai Diaper dermatitis: a survey of risk factors for children dermatitis. In accordance with the current findings, a previous study also found that older infants had a higher prevalence of diaper dermatitis than younger ones. 3 Taken together these observations suggest there may be a time-exposure effect with respect to the development of diaper dermatitis.
A large-scale UK study found that the prevalence of diaper dermatitis increased with maternal education level, but this 
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observation was not significant when mothers reported 'very' or 'quite bad' diaper dermatitis. 2 Data from the present study are inconsistent with this earlier report, 2 since no significant association between maternal education level and diaper dermatitis was identified.
The present study demonstrated that children living in urban areas had a significantly lower prevalence of diaper dermatitis than those living in rural areas. This difference in prevalence based on residential setting may reflect variations in socioeconomic groups and medical care coverage. Compared with rural locations, urban areas are more developed in China and parents have access to more medical resources so they can provide better healthcare for their children. In addition, parents resident in urban areas with access to these resources are more likely to acquire a greater knowledge about infant healthcare and skin care and so be more vigilant for diaper dermatitis.
Solid foods can affect diaper dermatitis as faecal composition, pH and digestive enzyme activity change with the introduction of new foods, 2,13 -15 but findings in the literature are contradictory. For example, it has been reported that the prevalence of diaper dermatitis was not related to the early introduction of solid foods 13 and that diet was not associated with either current or previous episodes of diaper dermatitis.
3 In contrast, a large-scale UK study showed that the early introduction of cereals was associated with an increased prevalence. 2 In the present study, univariate logistic regression analyses showed that eating solid food was significantly associated with diaper dermatitis but, following multivariate logistic regression, only the consumption of eggs remained significantly associated. Published data are scarce on the association between eggs and diaper dermatitis. Eggs are a popular food choice for children due to their high vitamin, mineral and protein content. They are, however, commonly associated with food allergies. Food allergies affect approximately 6% of children, with the highest prevalence during the first 12 months of life. 14, 15 The present 
study demonstrated that eggs were protective against diaper dermatitis, however. One possible explanation for this could be that egg white is often avoided when introducing eggs to children, especially in infants < 12 months of age, since it causes more severe allergy than the yolk, but this is speculative. In addition, the introduction of eggs might change the faecal composition and pH in a favourable manner that reduces the occurrence of diaper dermatitis. Further research is required to provide the biological evidence to support this opinion.
It has been reported that breastfed children have a lower incidence of diaper dermatitis because their stools have a higher pH, lower digestive enzyme activity and less urease-producing bacteria than infant formula-fed children. 16 The World Health Organization has suggested that mothers should breastfeed their babies and delay the introduction of solid foods until the age of 6 months. 17 The present study did not, however, observe any association between diaper dermatitis and breastfeeding or breastfeeding at night.
Diarrhoea may be an important risk factor for diaper dermatitis, as demonstrated in the present study. This is in accord with a published study that reported a negative effect of diarrhoea on diaper dermatitis. 3 When children have diarrhoea, the production of more frequent liquid faeces is associated with a shorter bowel transit time, meaning that the faeces contains greater amounts of residual digestive enzymes that can act as skin irritants. 18 Loose bowel movements irritate the sensitive skin of children and can lead to rash on the buttocks. The present study did not observe any association between diaper dermatitis and the children's general state of health or bowel frequency.
In the present study, multivariate logistic regression analyses demonstrated a significant inverse association between diaper dermatitis and the frequency of nappy changing, suggesting that the prevalence of diaper dermatitis can be decreased by increasing the frequency of nappy changing. These findings are in agreement with previously published research. 3 The prevalence of diaper dermatitis was significantly decreased with nappy changes of ≥ 6 times/day compared with less frequent nappy changing, supporting the opinion that nappies should be changed at least every 3 -4 h. 19 Urination frequency reduces to around seven times in 24 h at 12 months of age; 20 as such, frequent nappy changes are important for minimizing the negative effects of moisture, by maintaining skin dryness and by separating urine and faeces from the skin. Nappies should be changed as soon as possible after they have become wet or soiled.
The development of absorbent gel technology in nappies has made it possible for disposable nappies to draw urine away from the nappy area and keep the skin dry. A lower prevalence of diaper dermatitis and improved skin wetness and pH has been previously reported with the use of disposable nappies. 21, 22 Improvements in nappy technology have been shown to be associated with a decrease in the severity of diaper dermatitis. 23, 24 Given these observations, the use of cloth nappies for children with diaper dermatitis is not recommended. 25 Despite this, a Cochrane review failed to find enough evidence from good-quality randomized controlled trials to support or refute the use of disposable nappies for the prevention of diaper dermatitis in infants. 26 In the present study, there was no association between the type of nappy used (cloth only, disposable only or CH Li, ZH Zhu, YH Dai Diaper dermatitis: a survey of risk factors for children both cloth and disposable) and diaper dermatitis based on multivariate logistic regression analyses.
In terms of hygiene, the role of an effective skin cleansing agent should be to remove skin contaminants, restore normal skin pH and provide surfactants. Skin in the nappy area should be cleansed as gently as possible to avoid frictional injury. In the present study, skin cleansing agents were identified as associated with diaper dermatitis in univariate logistic regression analyses although this association was not observed following multivariate logistic regression. One of the most frequently used cleaning agents according to the literature is water and cloth 27 but, in a study of healthy children, disposable wipes have proved to be a valid alternative to the more traditional methods and their use has been found to lower the occurrence of diaper dermatitis significantly. 28 It has been suggested that children should be bathed at least once daily, and twice daily while there is a rash, 18 however the present study found no association between diaper dermatitis and frequency of bathing/showering based on multivariate logistic regression analyses.
There were several potential limitations to the present study. The questionnaire was only structured to examine the children's diet, home setting, state of health, nappying habits and practices, hygiene practices, and frequency of diaper dermatitis. There may be other as yet unknown factors that have an impact on diaper dermatitis, that were not included in the analyses. Furthermore, the crosssectional nature of the study precluded the drawing of causal inferences from the association between the determinant factors and diaper dermatitis.
In conclusion, the present study (which, to our knowledge, is the first report of the prevalence of diaper dermatitis in China), demonstrated a high frequency of diaper dermatitis in children aged 1 -24 months. Diarrhoea was identified as a significant risk factor for diaper dermatitis and children resident in urban areas had a lower prevalence of diaper dermatitis than those in rural settings. The prevalence of diaper dermatitis was reduced by more frequent nappy changing and egg consumption. Confirmation and further study of the risk factors could lead to a better understanding of the aetiology of diaper dermatitis and to the development of new prevention strategies in Chinese infants.
